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1
HEAT DISSIPATION DEVICE AND METHOD
FOR USE IN AN OPTICAL
COMMUNICATIONS MODULE

TECHNICAL FIELD OF THE INVENTION

The invention relates to optical communications modules.
More particularly, the invention relates to a heat dissipation
device and method for use in an optical communications
module such as a parallel optical transmitter, receiver or
transceiver module.

BACKGROUND OF THE INVENTION

A variety of parallel optical communications modules exist
for simultaneously transmitting and/or receiving multiple
optical data signals over multiple respective optical data
channels. Parallel optical transmitters have multiple optical
transmit channels for transmitting multiple respective optical
data signals simultaneously over multiple respective optical
waveguides (e.g., optical fibers). Parallel optical receivers
have multiple optical receive channels for receiving multiple
respective optical data signals simultaneously over multiple
respective optical waveguides. Parallel optical transceivers
have multiple optical transmit and receive channels for trans-
mitting and receiving multiple respective optical transmit and
receive data signals simultaneously over multiple respective
transmit and receive optical waveguides.

For each of these different types of parallel optical com-
munications modules, a variety of designs and configurations
exist. A typical layout for a parallel optical communications
module includes an electrical subassembly (ESA) compris-
ing a circuit board, such as a printed circuit board (PCB) with
a ball grid array (BGA), and various electrical and optoelec-
tronic components mounted on the upper surface of the circuit
board, and an optical subassembly (OSA) comprising optical
elements (e.g., refractive, reflective or diftractive lenses)
mechanically coupled to the ESA. In the case of a parallel
optical transmitter, laser diodes and one or more laser diode
driver integrated circuits (ICs) are mounted on the circuit
board. The circuit board has electrical conductors running
through it (i.e., electrical traces and vias) and electrical con-
tact pads on it. The electrical contact pads of the laser diode
driver IC(s) are electrically connected to the electrical con-
ductors of the circuit board. One or more other electrical
components, such as a controller IC, for example, are typi-
cally also mounted on and electrically connected to the circuit
board.

Similar configurations are used for parallel optical receiv-
ers, except that the circuit board of the parallel optical
receiver has a plurality of photodiodes instead of laser diodes
mounted on it and a receiver IC instead of a laser diode driver
IC mounted on it. Parallel optical transceivers typically have
laser diodes, photodiodes, one or more laser diode driver ICs,
and a receiver IC mounted on it, although one or more of these
devices may be integrated into the same IC to reduce part
count and to provide other benefits.

The circuit board typically has one or more heat sink
devices mounted on the upper surface thereof. The heat sink
devices can have various shapes. The electrical and optoelec-
tronic components are typically attached by a thermally con-
ductive material to these heat sink devices to enable heat
generated by them to pass down into the heat sink devices
where the heat is dissipated or removed by some other means
through the bottom of the circuit board. Heat sink devices all
have the same general purpose of receiving heat generated by
the respective components and absorbing and/or spreading
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out the heat to move it away from the components. Heat
generated by the components can detrimentally affect the
performance and life span of the parallel optical communica-
tions module.

In some designs, it is impossible or impractical to remove
heat through the bottom of the circuit board. For example,
with BGAs, the array of electrically-conductive balls on the
bottom of the BGA are in contact with an array of electrical
contacts of an external device, such as a mother circuit board.
Because of these electrical connections, there may not be
room for a heat dissipation path down through the bottom of
the BGA. In such cases, it is known to remove heat through
the top of the module by attaching an external heat dissipation
device to the top of the module. In some cases, heat is dissi-
pated through both the bottom of the circuit board and
through the top of the module.

In some parallel optical communications modules, the
upper surface of the circuit board is mechanically very fragile
and electrically sensitive. In such cases, placing an external
heat dissipation device in contact with the upper surface of the
circuit board may damage the circuit board and/or detrimen-
tally affect the electrical performance of the module. For
example, the mechanical force exerted by the heat dissipation
device may crack or warp the circuit board and/or damage the
electrical traces of the circuit board, whereas the contact
between the heat dissipation device and the circuit board may
change the capacitance of the electrical traces leading to
electrical performance problems.

Accordingly, a need exists for methods and systems that
provide improvements in heat dissipation and that allow heat
to be dissipated through the top of a parallel optical commu-
nications module without potentially damaging the circuit
board or detrimentally affecting the performance of the mod-
ule.

SUMMARY OF THE INVENTION

The invention provides methods and systems for use in an
optical communications module for dissipating heat. The
optical communications module comprises an ESA, an OSA
mechanically coupled with the ESA, and a heat dissipation
block disposed in the void formed in the OSA. The ESA
comprises a first circuit board having at least a top surface and
abottom surface, at least a first electrical component mounted
on the upper surface of the first circuit board, and at least a
first optoelectronic component mounted on the upper surface
of the first circuit board. At least one of the first electrical
component and the first optoelectronic component consti-
tutes at least a first heat source. The OSA comprises a plural-
ity of optical elements for optically coupling optical signals
between an end of at least one optical fiber of the optical
communications module and the first optoelectronic device.
The heat dissipation block disposed in the void of the OSA
comprises a material of high thermal conductivity and has at
least atop surface and a bottom surface. The top surface of the
heat dissipation block is generally in a plane that is substan-
tially parallel to a plane in which the top surface of the OSA
generally lies. The bottom surface of the heat dissipation
block is generally in a plane that is substantially parallel to the
bottom surface of the OSA. The bottom surface of the heat
dissipation block is spaced apart from a top surface of the first
heat source by a small air gap. Because of the close proximity
of the bottom surface of the heat dissipation block to the top
surface of the first heat source, at least a portion of heat
generated by the first heat source crosses the air gap and
passes into the heat dissipation block.
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The method comprises mechanically coupling an OSA of
an optical communications module with an ESA of the opti-
cal communications module, where the OSA has a void
formed therein that extends through top and bottom surfaces
of the OSA. The void has a heat dissipation block disposed
therein and fixedly secured to the OSA. The ESA comprises
a first circuit board having at least a top surface and a bottom
surface, at least a first electrical component mounted on the
top surface of the first circuit board, and at least a first opto-
electronic component mounted on the top surface of the first
circuit board, where at least one of the first electrical compo-
nent and the first optoelectronic component constitutes at
least a first heat source. The heat dissipation block comprises
a material of high thermal conductivity and has at least a top
surface and a bottom surface. The top surface of the heat
dissipation block generally lies in a plane that is substantially
parallel to a plane in which the top surface of the OSA gen-
erally lies. The bottom surface of the heat dissipation block
generally lies in a plane that is substantially parallel to the
bottom surface of the OSA. The bottom surface of the heat
dissipation block is spaced apart from a top surface of the first
heat source by a small air gap such that at least a portion of
heat generated by the first heat source crosses the air gap and
passes into the heat dissipation block.

These and other features and advantages of the invention
will become apparent from the following description, draw-
ings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B illustrate top and bottom perspective
views, respectively, of an OSA in accordance with an illus-
trative having an OSA body in which a heat dissipation block
is embedded.

FIG. 2 illustrates a top perspective view of an ESA
designed to be mechanically coupled with the OSA shown in
FIGS. 1A and 1B.

FIG. 3 illustrates a top perspective view of a parallel optical
communications module comprising the OSA shown in
FIGS. 1A and 1B and the ESA shown in FIG. 2, with the ESA
and the OSA shown mechanically coupled together.

FIG. 4 illustrates a cross-sectional perspective view of the
parallel optical communications module shown in FIG. 3
taken along line A-A'.

FIG. 5 illustrates a perspective view of the parallel optical
communications module shown in FIG. 3 with the OSA body
hidden, but with the heat dissipation block shown to illustrate
the relationship between the heat dissipation block and com-
ponents of the ESA.

FIG. 6 illustrates a top perspective view of the parallel
optical communications module shown in FIG. 3 mechani-
cally coupled with an external heat dissipation device that is
in physical contact with the top surface of the heat dissipation
block shown in FIG. 1A.

DETAILED DESCRIPTION OF AN
ILLUSTRATIVE EMBODIMENT

In accordance with the invention, a heat dissipation system
and method are provided that allow heat to be dissipated
through the top of a parallel optical communications module
without the possibility of damaging the circuit board or det-
rimentally affecting the electrical performance ofthe module.
The heat dissipation system and method are embodied in an
OSA that mechanically couples with a circuit board of an
ESA of the module. When the OSA is mechanically coupled
with the ESA, a heat dissipation block that is embedded in the
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OSA comes into very close proximity with, but does not come
into physical contact with, one or more electrical and/or opto-
electronic components that are mounted on the top surface of
the circuit board. A bottom surface of the heat dissipation
block is spaced apart from a top surface of at least one heat
source of the ESA by a small air gap. At least a portion of the
heat that is generated by one or more of these components
moves along a thermal path that passes through the air gap and
into the heat dissipation block. A top surface of the heat
dissipation block is exposed through an opening formed in a
top surface of the OSA. An external heat dissipation device
may be mechanically coupled with the module such that the
external heat dissipation device is in direct physical contact
with the top surface of the heat dissipation block. In this way,
heat that passes into the heat dissipation block then passes
into the external heat dissipation device where it is dissipated.

Because the heat dissipation block never makes physical
contact with the circuit board of the ESA or with the electrical
and/or optoelectronic components mounted on the circuit
board, heat is dissipated through the top of the parallel optical
communications module without the risk of damaging the
circuit board or detrimentally affecting the electrical perfor-
mance of the module. Illustrative, or exemplary, embodi-
ments of the heat dissipation system and method will now be
described with reference to FIGS. 1-6, in which like reference
numbers represent like elements, features or components.

FIGS. 1A and 1B illustrate top and bottom perspective
views, respectively, of an OSA 1 in accordance with an illus-
trative embodiment having an OSA body 2 in which a heat
dissipation block 10 is embedded. FIG. 2 illustrates a top
perspective view of an ESA 100 designed to be mechanically
coupled with the OSA 1 shown in FIGS. 1A and 1B. FIG. 3
illustrates a top perspective view of a parallel optical commu-
nications module 110 comprising the OSA 1 shown in FIGS.
1A and 1B and the ESA 100 shown in FIG. 2, with the ESA
100 and the OSA 1 shown mechanically coupled together.
FIG. 4 illustrates a cross-sectional perspective view of the
parallel optical communications module 110 shown in FIG. 3
taken along line A-A'. FIG. 5 illustrates a perspective view of
the parallel optical communications module 110 shown in
FIG. 3 with the OSA body 2 hidden to demonstrate the rela-
tionship between the heat dissipation block 10 and compo-
nents of the ESA 100. The heat dissipation system and
method will now be described with reference the illustrative
embodiment depicted in FIGS. 1A-6.

As shown in FIGS. 1A and 1B, the heat dissipation system
is made up of the OSA 1 having the heat dissipation block 10
embedded in the body 2 of the OSA 1. The heat dissipation
block 10 is made of a material of high thermal conductivity,
such as copper, for example. The heat dissipation block 10 is
not limited to being made of any particular material except
that the material of which it is made will have a relatively high
thermal conductivity. The heat dissipation block 10 has a top
surface 10a (FIG. 1A) and a bottom surface 106 (FIG. 1B).
The top surface 10a is a small distance, d1, away from the top
surface 2a of the OSA body 2 in the positive X-direction of
the X-Y, Z Cartesian coordinate system shown in FIG. 1A.
The bottom surface 105 of the heat dissipation block 10 may
be a small distance away from the bottom surface 25 of the
OSA body 2 in the negative X-direction of the X-Y, Z Carte-
sian coordinate system, but could instead be flush with the
bottom surface 26 of the OSA body 2. The heat dissipation
block 410 is disposed in a void, or opening, 2¢ formed in the
OSA body 2. A peripheral portion 2d of the OSA body 2
constitutes a ridge having a lower surface 24" that is a small
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distance, d2, away from the bottom surface 26 of the OSA
body 2 in the negative X-direction of the X-Y, Z Cartesian
coordinate system.

The OSA body 2 has a plurality of a first set of refractive
optical elements 11 (FIG. 1A), a second set of refractive
optical elements 12 (FIG. 1B), and a first set of reflective
optical elements 13 (FIG. 1A) formed therein. The OSA body
has first and second male mating features 14a and 145 thereon
for mating with first and second female mating features (not
shown), respectively, of an optical connector module (not
shown) that mates with the OSA body 2. When the optical
connector module (not shown) is mated with the OSA body 2,
ends of optical fibers (not shown) held in the optical connec-
tor are brought into optical alignment with respective refrac-
tive optical elements 11. Respective refractive optical ele-
ments 11 and 12 and respective reflective optical elements 13
work together to provide respective optical pathways
between the ends of the respective optical fibers and respec-
tive vertical cavity surface emitting laser diodes (VCSELs)
1024 (FIG. 2) of a VCSEL array 102 of the ESA 100 (FIG. 2).
In accordance with this illustrative embodiment, the reflective
optical elements 13 are 45° mirrors that fold the respective
optical pathways by an angle of 90°. In accordance with this
illustrative embodiment, the VCSEL array 102 has twelve
VCSELs, and thus the parallel optical communications mod-
ule 110 (FIG. 3) is a twelve-channel parallel optical transmit-
ter module.

With reference to FIG. 2, the ESA 100 includes a circuit
board 101, the VCSEL array 102, a first IC 103, bond wires
104, contact pads 105, and an epoxy flow region 106. In
accordance with this illustrative embodiment, the first IC 103
is both a module controller and a laser diode driver. Some of
the bond wires 104 electrically interconnect contact pads 107
of'the IC 103 with contact pads 105 of the circuit board 101,
while some of the bond wires 104 electrically interconnect
contact pads 107 of the IC 103 with contact pads 108 of the
VCSEL array 102. The VCSEL array 102 and the IC 103 are
attached to a top surface 101qa of the circuit board 101 by
epoxy 111.

With reference to FIGS. 2 and 3, when the OSA 1 is aligned
with and mounted on the top surface 101a of the circuit board
101, the bottom surface 24" of ridge 24 (FIG. 1B) of the OSA
body 2 comes into contact with the epoxy flow region 106
(FIG. 2) disposed on the top surface 101a of the circuit board
101. The epoxy flow region 106 has epoxy 111 on it that, once
cured, fixedly secures the OSA body 2 to the circuit board
101.

With reference to FIG. 4, in accordance with this illustra-
tive embodiment the circuit board 101 is a BGA having an
array of solder balls 1014' disposed on its lower surface 1015
for electrically interconnecting the BGA with an external
mother circuit board (not shown for purposes of clarity). It
can be seen that the bottom surface 106 of the heat dissipation
block 10 is spaced apart from the top surface 103a of the IC
103 such that a small air gap 120 exists between the bottom
surface 106 of the heat dissipation block 10 and the top
surface 103a of the IC 103.

It can also been seen in FIG. 4 that the only portion of the
OSA body 2 that is in physical contact with the circuit board
101 is the bottom surface 2d' of the ridge 2d. The bottom
surface 24 of the ridge 2d is fixedly secured by epoxy 111 to
the top surface 101a of the circuit board 101 in the epoxy flow
region 106. Because of the distance d2 (FIG. 1B) between the
bottom surface 2d" of the ridge 24 and the bottom surface 26
of the OSA body 2, the OSA body 2 does not come into
physical contact with the VCSEL array 102, the IC 103, the
bond wires 104, or any parts of the circuit board 101 other
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than the epoxy flow region 106. Therefore, the risks of dam-
aging the circuit board 101 or detrimentally affecting the
electrical performance of the module 110 are avoided. The
width, w, of the air gap 120 is not limited to being any
particular width. In accordance with this illustrative embodi-
ment, the width of the air gap 120 is in a range of from about
80 micrometers to about 200 micrometers, and typically is
about 150 micrometers. The air gap 120 is small enough that
a significant portion of the heat that is generated by the IC 103
will be conducted by the air gap 120 upwardly into the heat
dissipation block 10. As will be described below in more
detail with reference to FIG. 6, an external heat dissipation
device will typically be mechanically coupled with the mod-
ule 110 and in direct physical contact with the heat dissipation
block 10 for dissipating the heat that passes into the block 10.

With reference to FIG. 5, it can be seen that, in accordance
with this illustrative embodiment, the heat dissipation block
10 has slots 10¢ and 104 formed in opposite sides thereof.
These slots 10¢ and 104 facilitate fixedly securing the block
10 to the OSA body 2, as will now be described with reference
to FIG. 5. The heat dissipation block 10 is typically secured to
the OSA body 2 by a plastic over-molding process during
which the block 10 is positioned inside of a mold (not shown)
having a shape that is the complement of the shape that the
OSA body 2 is intended to have. Plastic is then injected into
the mold. When the plastic is injected into the mold, the
plastic surrounds all sides of the block 10 and fills the slots
10c and 10d4. When the plastic cools and hardens, the hard-
ened plastic that is within the slots 10¢ and 10d interlocks the
block 10 with the molded plastic OSA body 2 and prevents the
block 10 from moving relative to the molded plastic OSA
body 2.

FIG. 6 illustrates a top perspective view of the parallel
optical communications module 110 shown in FIG. 3
mounted on an external circuit board 140 and mechanically
coupled with an external heat dissipation device 150. The
solder balls 1015' disposed on the bottom surface 1015 of the
module circuit board 101 (FIG. 4) are in contact with respec-
tive electrical contacts 141 disposed on the top surface of the
external circuit board 140. The top surface 10a (FIG. 1A) of
the heat dissipation block 10 (FIG. 1A) is in direct contact
with a bottom surface of the external heat dissipation device
150. Through this direct contact, heat that passes from the IC
3 across the air gap 120 (FIG. 4) into the heat dissipation
block 10 is then conducted into the external heat dissipation
device 150 where it is dissipated.

It should be noted that the invention has been described
with respect to illustrative embodiments for the purpose of
describing the principles and concepts of the invention. The
invention is not limited to these embodiments. For example,
while the invention has been described with reference to the
heat dissipation block 10 having a particular shape and being
positioned over a particular component 103 of the ESA 100
that constitutes a heat source, the invention is not limited with
respect to the shape of the block 10 or with respect to the
components of the ESA 100 from which the block 10 removes
heat. Also, while the invention has been described with ref-
erence to its use in a parallel optical transmitter module, the
invention may be used in any optical communications mod-
ule. The invention has been described with reference to a
parallel optical communications module due to the fact that
the increased number of channels and components leads to
more stringent heat dissipation requirements. As will be
understood by those skilled in the art in view of the descrip-
tion being provided herein, many modifications may be made
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to the embodiments described herein while still achieving the
goals of the invention, and all such modifications are within
the scope of the invention.

What is claimed is:

1. An optical communications module comprising:

an electrical subassembly (ESA) comprising a first circuit

board having at least an upper surface and a bottom
surface, at least a first electrical component mounted on
the upper surface of the first circuit board, and at least a
first optoelectronic component mounted on the upper
surface of the first circuit board, wherein at least one of
the first electrical component and the first optoelectronic
component constitutes at least a first heat source;

an optical subassembly (OSA), the OSA comprising a

plurality of optical elements for optically coupling opti-
cal signals between an end of at least one optical fiber of
the optical communications module and the first opto-
electronic device, the OSA having at least a top surface
and a bottom surface with a ridge formed on a peripheral
portion of the bottom surface extending away from the
bottom surface, wherein a bottom surface of the ridge
contacts the upper surface of the first circuit board of the
ESA to mechanically couple the OSA with the ESA, the
OSA also having a void formed therein that extends
through the top and bottom surfaces of the OSA; and

a heat dissipation block disposed in the void of the OSA,

the heat dissipation block comprising a material of high
thermal conductivity and having at least a top surface
and a bottom surface, wherein the ridge on the bottom
surface of the OSA is dimensioned to hold the bottom
surface of the heat dissipation block spaced apart from a
top surface of the first heat source by a predetermined
distance to form an air gap.

2. The optical communications module of claim 1, wherein
the air gap has a width, w, corresponding to a distance
between the top surface of the first heat source and the bottom
surface of the heat dissipation block, and wherein the width w
ranges from about 80 micrometers to about 200 micrometers.

3. The optical communications module of claim 2, wherein
the width is about 150 micrometers.

4. The optical communications module of claim 1, wherein
the optical communications module is a parallel optical com-
munications module, and wherein the first electrical compo-
nent is a first integrated circuit (IC) device and wherein the
first optoelectronic component is an array of optoelectronic
elements.

5. The optical communications module of claim 1, wherein
the heat dissipation block is made of copper.

6. The optical communications module of claim 1, wherein
the plane in which the top surface of the heat dissipation block
generally lies is a first Y-Z plane of an X, Y, Z Cartesian
coordinate system, and wherein the plane in which the top
surface of the OSA generally lies is a second Y-Z plane of the
X.,Y, Z Cartesian coordinate system, the first and second Y-Z
planes being parallel to one another.

7. The optical communications module of claim 1, further
comprising:

an external heat dissipation device mechanically coupled

with the module such that a bottom surface of the exter-
nal heat dissipation device is in direct contact with the
top surface of the heat dissipation block.

8. The optical communications module of claim 1, wherein
the OSA comprises a molded plastic.

9. The optical communications module of claim 1, wherein
the upper surface of the first circuit board of the ESA further
comprises an epoxy flow region formed on a periphery of the
upper surface of the first circuit board such that the bottom
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surface of the ridge of the OSA contacts the epoxy flow region
to mechanically couple the OSA with the ESA.

10. The optical communications module of claim 9,
wherein the OSA is mechanically coupled to the ESA by an
epoxy.

11. The optical communications module of claim 1,
wherein the ridge is dimensioned so as to hold the bottom
surface of the OSA apart from the first electrical component
and the first optoelectronic component of the ESA.

12. The optical communications module of claim 1,
wherein the bottom surface of the ridge of the OS A is the only
portion of the OSA in contact with the ESA.

13. The optical communications module of claim 8,
wherein the heat dissipation block contains at least two slots
formed in opposite side surfaces of the heat dissipation block,
the at least two slots of the heat dissipation block configured
to engage corresponding sides of the void formed in the OSA
to secure the heat dissipation block to the OSA.

14. The optical communications module of claim 13,
wherein the OSA is formed by molding the plastic around the
heat dissipation block.

15. The optical communications module of claim 4,
wherein the first optoelectronic component is a VCSEL array.

16. The optical communications module of claim 15,
wherein the plurality of optical elements of the OSA com-
prises a first set of refractive optical elements and a second set
of refractive optical elements.

17. The optical communications module of claim 1,
wherein bottom surface of the first circuit board of the ESA
contains a plurality of conductors for electrically connecting
the optical communications module to a second circuit board.

18. The optical communications module of claim 17,
wherein the plurality of conductors comprise a ball grid array.

19. A method for dissipating heat in an optical communi-
cations module, the method comprising:

mechanically coupling an optical subassembly (OSA) of

an optical communications module with an electrical
subassembly (ESA) of the optical communications
module, the OSA having a void formed therein that
extends through top and bottom surfaces of the OSA, the
void having a heat dissipation block disposed in the void
and fixedly secured to the OSA, the OSA further having
a ridge formed on a peripheral portion of the bottom
surface extending away from the bottom surface,
wherein the ESA comprises a first circuit board having at
least a top surface and a bottom surface, at least a first
electrical component mounted on the top surface of the
first circuit board, and at least a first optoelectronic com-
ponent mounted on the top surface of the first circuit
board, wherein at least one of the first electrical compo-
nent and the first optoelectronic component constitutes
at least a first heat source, wherein the heat dissipation
block comprises a material of high thermal conductivity
and has at least a top surface and a bottom surface,
wherein a bottom surface of the ridge contacts the top
surface of the first circuit board of the ESA to mechani-
cally couple the OSA with the ESA, the ridge dimen-
sioned to hold the bottom surface of the heat dissipation
block spaced apart from a top surface of the first heat
source by a predetermined distance to form an air gap,
and wherein at least a portion of heat generated by the
first heat source crosses the air gap and passes into the
heat dissipation block.

20. The method of claim 19, wherein the air gap has a
width, w, corresponding to a distance between the top surface
of the first heat source and the bottom surface of the heat
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dissipation block, and wherein the width w ranges from about
80 micrometers to about 200 micrometers.

21. The method of claim 20, wherein the width is about 150
micrometers.

22. The method of claim 19, wherein the optical commu- 5
nications module is a parallel optical communications mod-
ule, and wherein the first electrical component is a first inte-
grated circuit (IC) device and wherein the first optoelectronic
component is an array of optoelectronic elements.

23. The method of claim 19, wherein the heat dissipation 10
block is made of copper.

24. The method of claim 19, wherein the plane in which the
top surface of the heat dissipation block generally lies is a first
Y-Z plane of an X, Y, Z Cartesian coordinate system, and
wherein the plane in which the top surface of the OSA gen- 15
erally lies is a second Y-Z plane of the X, Y, Z Cartesian
coordinate system, the first and second Y-Z planes being
parallel to one another.

25. The method of claim 19, further comprising:

mechanically coupling an external heat dissipation device 20

with the module such that a bottom surface of the exter-
nal heat dissipation device is in direct contact with the
top surface of the heat dissipation block, and wherein at
least a portion of the heat that flows into the heat dissi-
pation block subsequently flows into the external heat 25
dissipation device.

26. The method of claim 19, wherein the OSA comprises a
molded plastic.



